The MIT Faculty has made this article openly available. Please share how this access benefits you. Your story matters. 2 engineering education. Rather than begin with the expertise grounded in mathematics and science and then teach how to apply that knowledge through known techniques, both programs asked students to become inquirers seeking knowledge, rather than implementers applying knowledge. As the programs sought legitimacy for their innovations through professional accreditation, however, the open-ended, exploratory processes of serendipitous learning were instrumentalized into a set of measurable procedures for acquiring standard, scientific expertise as the essential credential of the responsible engineer.
Introduction
following an articulated mission to create a "renaissance engineer" who would be simultaneously entrepreneur, scientist, and artist. This triangulated vision was implemented in a self-designed organizational structure, free of the traditional constraints of disciplinary and departmental divisions.
From their inceptions, both Smith and Olin made the decision to secure accreditation through ABET, Inc., the accrediting body for "applied science, computing, engineering, and technology education" in the United States.
6 The EC2000 ABET criteria emphasize assessment of program outcomes rather than as in the past providing a list of courses that must be completed. The outcomes are assessed in terms of eleven criteria that programs must meet to secure accreditation. 7 Schools are also encouraged to develop additional measures (or criteria) for outcomes specific to their mission and goals.
Because the new ABET criteria assess outcomes rather than particular course completion, programs are free to meet both the required and individualized criteria in any way they choose. However, to secure accreditation, all programs must demonstrate that they have a local "assessment and evaluation process that periodically documents and demonstrates the degree to which program outcomes are attained." 8 With an emphasis on outcomes, the new accreditation process is designed to encourage institutional innovations in how technical knowledge and discretionary judgment are delivered to students.
6 ABET, Inc., http://www.abet.org/ mission.shtml. Accessed on 3/11/09. 7 Criteria for Accrediting Engineering Programs: 2009-2010, ABET, Inc. Baltimore Md., November 1, 2008, include (a) an ability to apply knowledge of mathematics, science, and engineering;(b) an ability to design and conduct experiments, as well as to analyze and interpret data;(c) an ability to design a system, component, or process to meet desired needs within realistic constraints such as economic, environmental, social, political, ethical, health and safety, manufacturability, and sustainability; (d) an ability to function on multidisciplinary teams(e) an ability to identify, formulate, and solve engineering problems;(f) an understanding of professional and ethical responsibility;(g) an ability to communicate effectively; (h) the broad education necessary to understand the impact of engineering solutions in a global, economic, environmental, and societal context; (i) a recognition of the need for, and an ability to engage in life-long learning;(j) a knowledge of contemporary issues; (k) an ability to use the techniques, skills, and modern engineering tools necessary for engineering practice. 8 ABET, Criteria for Accrediting Engineering Programs, 2008, p. 2. Rather than a standardized, top-down approach, the new assessment process and general outcome criteria allow programs, in theory, to take more individualized approaches in professional education. A close reading of the new ABET criteria suggests, however, that although the process has been loosened to permit more flexibility in engineering programs, it remains an official audit with all that auditing entails.
Whereas the old ABET criteria openly encouraged a process of "bean counting" to make sure that a program met required standards, evidence suggests that the new accreditation process may have shifted little, requiring each institution to put in place its own assessment process while allowing each local institution to designate which beans will be counted and assessed. Despite an overall goal to encourage innovation in engineering education, the new criteria for accreditation may once again reproduce engineering's traditional instrumental educational emphasis.
We begin with the premise that engineering finds itself in nearly continual debate about how to educate a different and better kind of engineer because it relies on a particularly instrumental, narrowly conceived conception of professional responsibility;
this instrumental orientation has self-defeating consequences for the scope, creativity, and flexibility of engineering education. This instrumental orientation is not surprising as engineering is centrally about the meticulous operationalization and instrumentation of scientific knowledge to solve material and behavioral problems. Engineering is often conceptually distinguished from basic science "oriented to the production and evaluation of knowledge claims," 9 by its focus on application and client initiated problem solving.
Whether described as applied science, "the discovery of new uses of knowledge claims previously evaluated and tentatively accepted" or in terms of its orientation "to the 6 solution of technical problems where the problem to be solved is regarded as given," 10 engineering is about turning knowledge into procedural recipes for physical and human action.
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When confronted with the task of designing the education of engineers, the profession has diagnosed and implemented solutions through the same epistemological and cognitive lenses honed on matter, machines, and systems. Engineering has historically demonstrated abhorrence for what are often called Type II errors, that is, ignoring or failing to recognize an important condition or variable. 12 Like the medical profession, engineering has preferred to make errors of over-diagnosis or overspecification, that is, preferring to act rather than wait to see what happens. This is a reasonable interpretation of the profession's obligation to provide safe, reliable solutions for client-defined problems. With responsibility to reduce the risks associated with technological systems, professional engineers conventionally build in multiple fail-safe mechanisms where risk cannot be eliminated. Thus, inventing technologies is a process of specifying clear links between thoroughly identified components that seem, at the moment, to reduce uncertainty and risk. 13 These orienting professional obligations produce a professional ethos where empirical reality is represented entirely through the procedures used to measure it, eschewing as unscientific or bad engineering that which is not measured or measurable. Importantly, the scientism of engineering derives less from the scientific content of much engineering education than from the presumption that all 10 Cohen, Developing Sociological Knowledge, 1989, p. 52. 11 Of course, engineering is not merely applied science but has, since the 19th century, developed independent theory and methodologies characteristic of engineering science. 12 In statistics, the term Type I error names the decision where a true situation has been rejected as false; Type II error names the decision where an untrue situation has been accepted as true. See Moore, Statistics, 1979. 13 Conventionally, hazards are unwanted events, risk is the probability of the occurrence of a hazard, and uncertainty refers to those situations in which probabilities are unknown or cannot be assigned.
problems can be reduced to physical science and removed from the context in which they are embedded.
And yet despite efforts to reduce uncertainty and risk, because professional practice relies on expert knowledge that is deployed in discretionary 14 situations with clients, it is inherently indeterminate. Client service is, after all, the raison d'etre of the profession; therefore, engineers cannot avoid applying their knowledge in circumstances not entirely known or measured by existing knowledge. This tension has been historically mediated through a combination of legal and organizational processes serving the interests of both clients and practitioners to secure reliable performance: accreditation of educators by professional associations, certification and licensing of practitioners by state agencies, and investigation of claims of malpractice. The weight has been put, primarily, on efforts to specify the corpus of expert knowledge through accreditation of training rather than dealing with the uncertainties of practice.
The cycles of education reform emerge directly from this preference for over specification and reduction of discretionary judgment. Rather than recognize the dialectical relationship between expertise and discretion as mutually dependent, reform of engineering education responds to each initiative calling for more breadth and liberal education with specific behavioral requirements. Each new set of accreditation or licensing requirements identifies heretofore unperceived phenomena that are discovered and recognized as playing a role in technological systems and essential for professional engineering practice. New courses or subjects not yet included in the standard engineering curriculum are recommended for inclusion. Once identified and named, however, engineering faculty and accreditation boards specify the new requirements in 14 Davis, in Discretionary Justice, 1969 , defines discretion as unreviewed decision-making.
meticulous detail in order to assure compliance. The critique that called for change and identified the missing element-whatever it may be in that reform cycle-slips away as it becomes operationalized as a set of measurable training requirements. Within a few years, dissatisfaction with the newer curriculum requirements generates yet another set of reforms. As economic and social changes outpace the reformed curricula, new amendments are recommended to capture evolving technical knowledge and the yet elusive practical and interpretive skills of the professional engineer. Thus, over the twentieth century, engineering education has reached beyond math, physics, and mechanics to include the study of human factors; human factors work led to a focus on aggregated human action in organizations and the study of management; the study of human factors, organizations and management led to a focus on technological systems, and most recently, engineering education reforms call for reexamining the balance between the theory (science) and practice (design) with particular attention to ethics, values and social responsibility writ large.
In the following sections, we report how faculty at two new engineering programs attempt to overcome cyclical patterns of reform. We show that faculty at Smith and Olin begin with deep criticisms of the profession's instrumental logic and its failure to produce innovative and socially responsible engineers; in response to these criticisms faculty at these new schools designed curricula to immerse students in the ambiguous and uncertain work of client-defined problem-solving from the very outset of their engineering education. Rather than begin with presumed certain and sure science 15 and then teach 15 For a survey of the rich literature challenging the notions of certain and sure science, see Collins and Pinch, The Golem, 1998; Bijker et al., The Social Construction of Technological Systems, 1987; Bagioli, The Science Studies Reader, 1999; and Jasanoff et al., The Handbook of Science and Technology Studies, 1995. how to apply that knowledge through mastered techniques, both programs asked students to become inquirers seeking knowledge rather than implementers applying knowledge.
Smith and Olin also sought accreditation from ABET, Inc. Because accreditation secures occupational legitimacy, authority, and marketability, each school's aspirations to produce a new kind of engineer were enacted, and then transformed and confined within the more conventional expectations and procedures of the credentialing process. As the programs sought legitimacy for their innovations through professional accreditation, open-ended, exploratory processes and serendipitous learning were instrumentalized into a set of specified, measurable procedures. We suggest that these notable innovations are unintentionally constrained by engineering's history as well as their own professional biographies. We elaborate these and other themes that emerge from our interviews in the conclusion.
Research Methods
How do the engineering faculty at Smith and Olin manage competing interests in professional accreditation and professional innovation? How do they balance demands for technical expertise and discretionary judgment? We explored these questions through
a series of open-ended, semi-structured interviews conducted with faculty at Smith and Professions, 1988, pp. 8-9 and p. 20; Friedson, Professional Powers, 1986; Dingwall, "Professions and Social Order in a Global Society," 1999; Hughes, "Dilemmas and Contradictions of Status," 1945; Dryburgh, "Work Hard, Play Hard," 1999 . 19 Abbott, The System of Professions, 1988, p. 40; emphasis added. 20 All excerpts from faculty interviews are italicized.
work, through close analysis of the mathematical, physical, engineering and organizational problems they confronted. Both programs seek to build from the assumption that the ambiguities and indeterminacies generated by designing artifacts before fully understanding the mechanisms is essential for the cultivation of professional judgment. The steps taken by Smith and Olin are designed to integrate learning technical expertise and discretionary decision-making from the start.
Insert Table 1 Here
To represent the emergent engineering culture at Smith and Olin, we analyzed our interviews with faculty at Smith and Olin through four dimensions that are fundamental to social structure. Table I provides a summary of the data along these dimensions or processes: (1) normativity, or how an organization defines its mission and goals, (2) capacity, or the means deployed to achieve those goals, (3) faculty, some think, offers the strongest support for Smith's ambitions to produce successful women engineers. "Women's colleges hold the edge over co-ed schools" in producing women scientists, educators say, not simply because of the composition of the student body but because there are also more women on the faculty, serving as mentors and role models.
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Smith also embodies its commitment to excellence and diversity through its energetic recruitment of minority students and generous aid packages to insure that no structural barriers impede students' education and development. By changing who becomes an engineer, while broadening engineering education to be a liberal art, the Picker program hopes to graduate engineers who are agents of social change, students who are creative thinkers, yet see the big picture and recognize that engineering models are simplifications of reality that often leave out societal costs.
Throughout our interviews with faculty at Smith, they emphasized the normative commitments and distinctiveness of the program by comparing it to their own experiences as undergraduate students in engineering. Although each of the Smith faculty is a highly accomplished engineer, the words they selected to describe their undergraduate and professional preparation were quite negative, providing a contrasting and repugnant benchmark against which they evaluated Smith's commitments and variation from traditional engineering programs. For example, some described their undergraduate program as unnecessarily "hard" for its own sake, or as requiring a lot of memorization and regurgitation; and, they recall large, anomic lecture classes. Indeed, one faculty member went so far as to describe his undergraduate classes as analogous to a fraternity "hazing;" explaining: Compared to the culture of a traditional engineering program as recalled by these faculty, the Smith milieu encourages a degree of experimentation in both course content and pedagogy. Whatever the historical veracity and variation among their recollections, what is done at Smith is interpreted as completely different, and better.
Capacities, means to achieve goals: The opportunities at Smith are rich for invention. The liberal arts culture encourages and takes for granted critical thinking, indeterminacy of knowledge, and moral ambiguity. It firmly embraces iconoclastic perspectives and the role of power in social relations, including knowledge-making. For example, Smith engineering faculty talk about using a "feminist and radical pedagogy,"
of teaching "critical thinking," of empowering students to take responsibility for their learning by asking questions, of getting rid of the "military" thinking that has historically dominated engineering education, putting an "ethics" component into every class, and understanding the role of the engineer "inventor" in a social context. One faculty member describes the capacity of Smith to encourage a different approach to engineering this way: Every faculty member elaborated at length on the strengths of small classes and discussion seminars to encourage active learning through student participation.
The Smith engineering faculty recognize that it is the college itself, and its liberal arts traditions, that allows them to experiment. Indeed, from the standpoint of the liberal arts culture, the new pedagogical strategies and epistemological orientations in engineering are, in fact, quite normal. Small liberal arts colleges pride themselves on seminar teaching formats in which students are regularly and consistently given the opportunity, and specifically taught, to develop their distinctive voices. Moreover, women's colleges, such as Smith, have been the source of a great deal of feminist scholarship identifying women's experiences and perspectives, including for example research on the status of women, the universality of gendering processes, or the differences among men's and women's ways of knowing. Teaching students to challenge orthodoxy, to uncover hegemony, to identify subversive narratives 25 is part of the common curriculum at self-defined feminist institutions. Even where feminism may be less prevalent, or even absent, teaching critical, self-reflexive thinking is the coin of the realm of a liberal education where there is an expectation that graduates will become professional and public leaders, 26 including those who will challenge orthodoxy.
As one Smith faculty member commented, the challenge and the excitement of being at a liberal arts college is to maintain an "active dialogue with all faculty [across the college] who teach a course that is in any way related to engineering." For example, if one is teaching a course in mechanics, it would be important to teach the history of the idea of the mechanic, as well as the relevant engineering properties. It would also be important to explore the role of machines in transforming everyday life and the relationships of different groups and genders. The intriguing idea is to take the liberal arts tradition seriously and turn the whole subject matter of teaching mechanics on its head; the opportunities to be creative, innovative, and new-if not iconoclastic in one's teaching of engineering-are many.
Constraint: Yet, the liberal arts tradition of a small residential college is also a constraint. Conversations with faculty suggest that developing an innovative program is a high wire walk marked by opportunities to be innovative and a series of dilemmas that set limiting boundaries. The liberal arts tradition at Smith offers its engineering faculty, who come out of a very different professional culture and tradition, degrees of freedom and resources in teaching engineering science. Yet, engineering faculty describe clashes 25 Ewick and Silbey, "Subversive Stories and Hegemonic Tales," 1995. 26 Strauss, Liberalism, 1968. between the arts and social sciences faculty and the engineering faculty, between the soft humanities and the rigorous sciences, between critical humanities and conformist engineering, between social service and technical skill. For example, just as a liberal arts education assumes a large measure of contingent exploration, the culture of collegiality is guided by a commitment to decision making through what often seems like roundabout, indecisive, time-consuming consensus-building and deliberation. 27 In contrast, engineering education is about preparing R&D professionals, who work in quite different settings, with minimal opportunity for unscripted exploration. Where the liberal arts faculty expects process and deliberation, the engineering faculty expects decision and faithful implementation. 28 Thus, it is not surprising that the Smith engineering faculty report that they felt that they were seen as "arrogant" and "perhaps macho," driven, directed, and directing, in the Smith college milieu that, as one person put it, operates through "a veneer of civility." In the long term there will be ways, no doubt, in which the engineer's professional ethos will infiltrate Smith's more intellectual, critical culture.
But, at the outset, it is clear that some of the practices and traditions of Smith do constrain the desired opportunities. Perhaps more than the arrival of the engineering faculty themselves, the Bachelor of Science (B.S.) degree symbolizes a different kind of educational commitment-one that is practical and professional, putting the engineering faculty in a position of "having to prove" themselves to their liberal arts and sciences colleagues to be taken seriously as scholar-teachers rather than as technicians.
Constraints on innovation are not limited to a generalized clash of cultures between engineering and liberal arts; in many respects, our conversations with faculty 27 Waters, "Collegiality, Bureaucratization, and Professionalization," 1989. 28 Kunda, Engineering Culture, 1992; Vaughan, Controlling Unlawful Organizational Behavior, 1983; Vaughan, The Challenger Launch Decision, 1996. suggest that the ABET accreditation process, even with its emphasis on mission and outcome assessment, proved to be perhaps a more powerful constraint on innovation. Although faculty voiced reservations about the costs of its logic and work demands, there was unanimity about the importance of accreditation. To a person, there was a consensus that accreditation is a necessary step to ensure the "legitimacy" and "credibility" of the program in the wider engineering community. First, accreditation is necessary because the Picker Program is housed within a liberal arts college, and as a consequence, the engineering faculty needs to establish itself as appropriately rigorous.
Unlike the liberal arts subjects and faculty, it is important that the engineering program and faculty not be viewed as "soft." Elaborating, this faculty member explained: "ABET These same assets become, however, constraints in the context of accreditation. Hence, faculty suggest, there is a need to prove to the professional community at-large that the program is credible by the standard, taken-for-granted "benchmarks" of traditional engineering education.
Some faculty also suggested that moving too far afield of the traditional core threatened to compromise the support and legitimation of the key stakeholders, including industry and employers. One faculty member commented that the legitimacy and credibility of the degree depends, ultimately, not on what their ABET colleagues think of the Smith program but maybe more importantly on "how industry views its graduates."
Thus, in addition to ABET's control over the development of the Smith program, the marketplace will also act as an agent of control, this professor notes. Steps must be taken to ensure that Smith's graduates are good "ambassadors" for the program, that they bring the requisite skills to be "doers of engineering" so that they can achieve the program's goal to be leaders in the field.
Time/Space: If the spatial context of the Picker Engineering program is unconventional in its organizational home in a liberal arts college, the temporal configuration of the engineering curriculum at Smith looks a bit more "traditional" than the program at Olin. Students are required to begin with basic courses in math and physics, as in most engineering programs, as well as an introductory course in engineering, which is open to all Smith students, not only those working toward an engineering degree. Nine additional courses across engineering fields fill out the degree requirements. Like most liberal arts degrees, engineering students also begin specialization as they move into their junior year; for an engineering degree, a technical concentration is composed of three related courses (among the nine electives) that are selected in consultation with an advisor. The engineering curriculum is capped off with a senior design clinic. As the engineering faculty struggle to balance a Latin Honors core with rigorous courses in math and physics, followed by breadth and depth courses in engineering, with a design clinic as a culminating project, they must still play by the rules of the liberal arts B.A. degree. This means, for example, that one may take only a limited number of courses per semester so that students have time for contemplation and serendipitous inquiry; that students must complete a set of unspecified, free-choice electives; and that all of this must be done within a four-year time frame with standard vacations and summer recesses. The college's timetable and requirements for completing a B.A. degree are designed to provide opportunities for unprogrammed exploration, personal reflection, and unscripted learning, so that students are more likely to become self-learners with critical judgment. The degree assumes a large measure of indeterminacy and as such exercises-by its contrast-a powerful constraint on how the B.S. will be invented and implemented at Smith.
Picker faculty resolved perennial trade-offs between basic core requirements and exploratory inquiry in the direction of more conventional instrumental conceptions of engineering education that reduced opportunities for and commitments to their imagined, iconoclastic engineering classes. Faculty never questioned the role of the standard math and science core, which, inevitably, limited the time available for their imagined and hoped for multi-disciplinary approach. Because faculty hewed to the belief that students need to have rigorous preparation in math and physics, the bread and butter of engineering representations, analyses, and communication, there was less trenchant questioning of what constituted an appropriate core, and then little room in the curriculum for reframing the basics of engineering. Without abandoning the more imaginative conception of engineering, unscripted exploratory inquiry was relegated, as is common elsewhere, to the status of gravy on the basic meat.
In sum, as it attempts to institute an innovative program producing socially responsible engineering leaders, a program that challenges the conventional, supposedly failed model, the Picker faculty seem nonetheless to reproduce many of the values and preferences of the conventional model. There is a strongly voiced expectation that the program at Smith needs to look "right," seem "normal," be "respectable," and appear "credible" to the wider, academic engineering community in order to achieve its counterconventional aspirations. While ABET accreditation reinforced traditional expectations and criteria of normalcy, it offered in exchange material certification and an opportunity to press the alternative agenda. Less concrete and yet as powerful, local institutional features of a single-sex liberal arts college also worked to limit implementation of a more conventional, thus respectable and credible, engineering program. It appears to be very difficult to escape the need to bow to key stakeholders in the process of curriculum and program design, to resist the long history of organizational social control that has marked all modern professional education, including engineering. Thus, like many experimental research subjects, the faculty in the experimental engineering program
provided much of what the audience expected.
While the pressures toward conformity with the "benchmarks" of "credible"
engineering were enormous at Smith, the more immediate context of Smith's liberal arts
tradition may yet open a crevice for innovation and change in ways not wholly anticipated. 31 Further, the impact of the context of Smith's liberal arts culture on engineering students' interpretation of their professional role and responsibility in society remains an equally important and unanswered question, though one we plan to pursue in other aspects of this research project.
Inventing the innovative engineer at Olin College
Normativity, organizational goals and mission. down to the idea that one can "articulate" and "activate" a "dream." Janet, who is formally trained in music and electrical engineering, described how she "loved" this idea of entrepreneurial because it reminded her of how composers describe the process of writing musical compositions. Finally, the artistic: "engineering can be very artistic … and again a broad definition of art, artistry; it's a feeling of creating," she noted. The ideal of a Renaissance Engineer seems to be taking hold in the Olin culture. Faculty, whether part of the original planning or not, described Olin's special pedagogy as a commitment to scientific rigor and engineering design that is leavened by learning how to make things happen with artistry and creativity.
Capacities, means to achieve goals. To transform engineering education, to instantiate its mission to join engineering to entrepreneurship, the design and organization of the college mimics what it wants to produce: continual change, flexibility, and responsiveness. The mission of Olin is achieved through a shared pedagogy that emphasizes "do then learn" in contrast to the conventional curriculum that attempts to instill basic skills (in math and physics) and then use them in engineering problems.
Very self-consciously, Olin faculty begin by inverting the common paradigm and with this innovation seek to achieve their larger mission. Constraints. Although beginning with a blank slate and a strong commitment to invert the conventional sequence of "learn then do" to "do then learn," faculty nonetheless express evidence of more general professional constraints. For example, some faculty members describe the inescapable and difficult trade-offs in curricular design between offering students depth in a few areas or breadth of the field. Or with regard to particular courses, as in the quote above, the professor acknowledged the ways in which professionalism places a boundary on innovation by not wanting to do anything "totally weird" or that was not approved by his colleagues' valued opinions. Of course, a shared notion of professionalism-what is appropriate-is, by definition, a strategy of social control. The Olin faculty articulate a recognition of these tensions, especially between the desire to be innovative and inventive on the one hand and external and professional expectations on the other. This tension is also centrally expressed in talk about interdisciplinarity. Although this is a faculty that decided not to organize itself through traditional departments, which are conventional administrative units of scholarly disciplines, their training and sensibilities were deeply marked by disciplinary identities and knowledge. Thus, the faculty repeatedly sought to traverse and loosen boundaries that were not administratively present at Olin.
Curricular design is also constrained by professional conceptions of scientific rigor. A close reading of our interviews at Olin, and Smith for that matter, demonstrates that the faculty do not foresee cutting back on basic science or engineering fundamentals to make way for design, invention, artistry, and entrepreneurship. Rather, it is assumed that design, invention, and artistry will be added to the traditional basics of the engineering curriculum. Because math and science are the communicative resources of engineering, despite the fundamental innovation of sequence ("do then learn" instead of "learn then do"), the cumulative content of the curriculum will always assume a core of math and physics. 35 Moreover, like Smith, as a start-up organization, Olin recognizes that it must be taken seriously by key stakeholders, including the broader educational community and industry. The dominant ethos of engineering professionalism captured in its commitment to engineering science acts, then, as a brake on invention and innovation-even on a campus that enjoys a reflexive faculty, abundant resources, and a carefully selected student body. An instrumental, practical professionalism is also demonstrated in Olin's decisions concerning degrees to be granted and ABET accreditation. Few topics garnered as much debate as the discussions about whether to grant one degree in Engineering Science, or three degrees-Engineering Science, Mechanical Engineering (ME) and Electrical Engineering (EE). Some faculty argued that granting one degree in Engineering Science, where students have the opportunity to incorporate their own course designs in specialized fields, would complement the mission and philosophy of the college. It is hard to square a commitment to educate a renaissance engineer with a decision to educate a specialized engineer with a degree in ME or EE.
The decision was made, however, to go with the three-degree framework. While many recognized the philosophical justification for the one degree, practical considerations prevailed. When industry seeks engineers with specialized competence in ME or EE, there is an expectation that this will be denoted on the diploma; if a student had developed a homegrown specialization in ME or EE through a degree in Engineering Science, there is a good chance that many industry recruiters would simply pass over the prospective hire, even if he or she is an Olin graduate. As one faculty member put it: As this comment suggests, the expectations of the job market trumped Olin's internal philosophical commitment to interdisciplinarity among faculty as they designed the degree programs.
Other consequences may follow. Although the degree in Engineering Science captures the "philosophy" of Olin, there is a concern that this will be misinterpreted by the broader engineering community because many programs that offer only a general degree cannot secure accreditation, or, as it was explained, a general engineering degree is for "those who cannot cut the mustard to secure accreditation." With Olin's decision to offer both a general and specialized degrees, there is the concern that a mixed message is being sent to students about the goals of the institution:
In It is, then, not just the presence of the three degrees that is problematic, but also that the broader, cultural discourse on the hierarchy of degrees permeates Olin's milieu. Another faculty member pointed out that the three degrees will also have consequences for decisions about faculty hires and, specifically, the need to provide adequate coverage to the degree programs, particularly ME and EE. The emphasis on meeting teaching demands for ME and EE accredited degrees may create higher opportunity costs for hiring faculty who do not fulfill the specific curricular needs of these degrees. One faculty member described the consequences this way: The shadow cast by the decision to secure ABET accreditation was broad and significant. While ABET accreditation is, as one faculty member put it, the "gorilla" in the middle of the room, there is a consensus at Olin, just as there was at Smith, that it is essential for the "credibility" and "legitimacy" of the institution and its graduates. The ambivalence around the whole accreditation process and the constraints it poses closely echo those of the Smith faculty. There the analogy was to CalTech, but the underlying message is the same: ABET accreditation definitely hampers the potential for creativity in engineering, but the price of not securing accreditation is simply too high to forego.
The administration began with the premise that ABET accreditation was necessary. Indeed, from some faculty members' perspectives, the administration was unduly concerned about accreditation and that had consequences for innovation and change in pedagogy and curriculum from the very beginning. As one faculty member put Although, no doubt the service component was especially taxing in the early years of the school, certainly the ambition to innovate will always be constrained by finite time. The broader implication is that, despite heavy time commitments for inventing and planning, conventional expectations were nonetheless reintroduced. Olin faculty are expected to balance their time around teaching, research and service, the conventional triad for faculty evaluation but without tenure. Faculty are evaluated every five years for contract renewal. Although not a tenure review, the process looks very similar to a tenure evaluation including creation of a dossier, obtaining letters from internal and external evaluators, and performing internal and external reviews. The decision of whether to renew or promote a faculty member is based largely on the traditional triad with emphasis on "intellectual vitality." In some faculty's experience, however, that criteria of intellectual vitality have become more and more about traditional research than had originally been anticipated.
In sum, the findings from these faculty interviews at Olin suggest that ABET, even in its looser, more qualitative, post-2004 version sets parameters on just how far Olin, like Smith, will go in turning engineering pedagogy on its head. At each stage of planning and development, ABET cast a shadow over discussion that brought decisions from the realm of the innovative into the familiar. That said, this is precisely what ABET, an agent of organizational social control, is supposed to do. Yet the constraints implicit in ABET criteria operate in conjunction with others. As we have seen, the faculty's well-cultivated commitment to professionalism also puts brakes on going too far over the line by way of innovative curriculum. Finally, not all of the Olin faculty are ready to throw out the engineering science baby with the fresh bathwater: there are many who feel at home with a positivist, ahistorical, and empirical engineering science; their goal is not so much to do engineering science differently but rather to do it right. This is what attracted them to joining the faculty at Olin. While Olin enjoys an organizational tabula rasa, the findings from these interviews demonstrate the ways in which the organizational field of accreditation, professionalism, and higher education affect that slate. To be sure, Olin will enjoy a distinct cultural marker in the landscape of engineering education; one might speculate, for example, that they will give energy and vitality to a better way to teach design. But, it will still have the look, feel, and familiarity of engineering pedagogy and its debates.
Discussion: Accreditation and the Power of an Instrumental Logic
While our findings show that the organizational constraints and opportunities at Smith and Olin are different, both projects unfold within a shared cultural and institutional framework. Whereas Smith enjoys both the opportunities and limitations of a liberal arts tradition, Olin enjoys the opportunity and constraints of a start-up organization. Both schools are located squarely within the broader culture of engineering professionalism that secures the license to practice through institutional accreditation.
While the accrediting agencies have succumbed to pressures to allow for more individualistic or idiosyncratic expressions of engineering education, 38 accreditation as a process cannot escape its inherent boundary framing activity: accreditation determines how far one can go and still be legitimately within the engineering community. The process invites, even if it does not demand, the faculty to represent the curriculum as a set of mechanisms-specifiable procedures-for producing measurably competent professionals. As such, accreditation is a critical part of the boundary-work sustaining professional authority, 39 enacting the responsibility, legitimacy and credibility of selfregulation that lies at the heart of professional authority and autonomy. Whether in its old, bean-counting or its new mission-driven guise, accreditation (re)produces a narrow, instrumental educational program.
Despite the pressures posed by accreditation to conform to an instrumental logic and the steps taken at the respective sites toward that end, the faculty at Smith and Olin began their projects with a profound critique of traditional engineering education.
Guided by their respective critiques, faculty at each site took specific steps to overcome the narrowness of an instrumental, professionalized engineering education. As our findings show, the faculty at Smith recognized and built from-indeed celebrated-the ways in which the liberal arts culture at Smith might challenge the core principles of engineering itself. The faculty at Olin took seriously their metaphor of a "renaissance engineer" and elevated design-tinkering, hands-on, and "dirty" work-to a centerpiece of all aspects of engineering curriculum. The liberal arts culture of Smith and the "renaissance culture" at Olin may present crevices for more fundamental reform.
In the case of Smith, the liberal arts culture builds from a very different set of assumptions about the goal of a college education. The historic status of the liberal arts derives from the self-conscious insistence that a liberal education cultivates in students a 39 Gieryn, "Boundary-Work and the Demarcation of Science from Non-Science," 1983. taste for and ability to tackle difficult, often indeterminate moral and ethical dilemmas.
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The liberally educated student develops a critical orientation by locating knowledge claims in multiple frameworks, competes among lineages and traditions of inquiry, contemplates alternative points of view and ways of making knowledge, engages in
focused inquiry about what constitutes truth and knowledge, recognizes differentials of power and position, reads extensively and writes well, and develops that mental agility and adaptability that helps one confront and embrace the ambiguous, the mysterious, and the non-rational. How the clash of cultures between the liberal arts and engineering at Smith will play out remains an open question, but it is nonetheless a clash that is ripe with possibilities for creativity, serendipity, and unpredictability.
In the case of Olin, the centrality of design and hands on work is a nineteenth century image of engineering in twenty-first century guise. The findings from our interviews suggest that the Olin faculty want to have it both ways, to prepare students who are steeped with the scientific rigor and engineering logic required by traditional programs while, at the same time, transforming the enterprise through the hands-on, dirty, messy design of "real world" projects. They point out that da Vinci did not always invent the "new;" rather, he did what everyone else was doing brilliantly. If Olin does it "better," the constant clash between scientific/engineering technique and hands-on design may create an environment ripe with creative, serendipitous and unpredictable pedagogical moments. Both Smith and Olin, then, develop programs that are familiar given the institutional logic of engineering education. Yet, both present crevices for unintended consequences of learning how to navigate uncertainty, serendipity, and judgment. 40 Strauss, Liberalism, 1968. Whether Smith and Olin students develop a professional identity through these crevices that is distinct from their peers at more traditional engineering programs remains an empirical question that we explore in subsequent phases of our larger project.
Questions about the Olin and Smith experiments in engineering education remain.
How will students construct an engineering identity at these sites? At Smith, as students traverse the course requirements of Latin Honors, junior year abroad, and other opportunities of a liberal arts community, how do they come to understand what it means to be an engineer? At Olin, as students constantly immerse themselves in the thorny challenge of hands-on design, how do they come to understand what it means to be an engineer? Do these emphases at Smith and Olin, albeit different, nonetheless create opportunities for students to cultivate an understanding of their professional calling in a way that is distinct and different from their peers?
